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SOYIET HIGH SPEED MACHINING OF CAST IRON WITE CERAMIC CUTTERS

1. A. Isayev, Doc of Tech Sei
N. N. Zorev, L. K. Knuchma

The high-cutting properties of tool materials are determined primarily by

their red hardmess, that is, the ability to retain their mechaaicel properties

at high temperatures, and by a high resistance to abrasive wear. From this view- \
< point, miperal materials, and in particular, ceramic materials, which possess a !
IR high red bardness, are very promising tool materials: Some of them retain their

hardness at steel melting temperatures. Otner qualities of these materials are

as follows: they have less affinity with atéel <han metals. Other conditions

being equal, this results in less nodule formatior in the cutting process and
higher quality of surface finish. Mineral materianls are relatively imexpen-
sive; their substitution for high-speed steel and hard alloys could effect

substantial savings (to say nothing of savings in such metals as cobalt, tung-
oten, titanium, etc.).

In addition to the favorable gusalities noted, mineral cut*ing materials
" also have intrinsic shorteomirgs, chiaf cf which are & low rasistance to rup-
ture under normal stresses, li%tis plasticity, and & law fatigu.~limit,

The problem of utilizipg mineral materials in the mauufacture of cutting
tools was solved by Soviet scientists ard engineers, whe have been working
in this field for a number of years

Irn 1932, engipeers at the Leningrad Plant imen! Lomonosov suggested the
use of ceramic cutteres for machinirg items made Trom porcelair, plastics, and !
nonterrous metals; in the period 1937 - 19ud, the Tomsk Polyrechnic Institute
and the TsNIITMASh (Central Scientifi: Research Ipmstituts of Tachnology and
Machine Building) conducted experimsnts in the machining of steel with mineral
cutters; in 1948, research in this {ield was resumed by TsNIITMASh and was
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concluded iz 19%:9 with the so';ut:.c-:' nf a auvaber of problems without which the
practical application nof miperal ceramics in the cutting of metals would not
have been possible. This vork ‘*-.nr‘mi *he gearch for = mineral material

vhich would have sufficient /‘.... -mlfaL/ strength, hardpess, and resistance

to wear at hignh temperatu.res the establishwent of‘ optimum geometric parameters
of the cutting portions of mineral cutters and the zselectiop of cuttirg con-
ditions; and the development of methods ~f fas*tesing the blsdes of mireral
material to a metal shank and of tha *e<hnology of grirzding and lapping {dovodka)
tools fitted with mireral-csramti: blades

In the following wyesrs, a5 i result of the ioin~ efforts of the MKhTI
(Moscow Institute of Chemizal Teshnolegy)! imeni Veuzsievev and VNIIASh (All
Union Scientific Researcn Iostitute of Abraszjves apd Grindicg), the cutting
properties of the new tool materisls were improved copsiderably. The work was
directed by I. I Kitaygorodskiv. professnar, =nd N, M. Pavlushiz, docent, at
MKhTI, and by S. G. Voromnov, secinr sciertifi- assosinre, at the VNITASh. VNII |LLEG|B
MS (A1l Unton Scientific Fesear¢n tustitute of ‘ne Ministry of Machine-Tool
Buildl_ng) developed new designs T ceramytv tocls and devermined their cutting
properties.

As shown by produst.on tesfs, mipsral-.cevam!s mater’2ls 2an be used suc-
cessfully iz place of hard 2llevs for fi2ish ard ;omifinish machiving of steel
and cast irom. A< present, they ar« bt g uws2d 41 macv machine-building plants
at significantly higher -utting spesds than }-.r-_rd-n_l‘.cy L0ty For example,

G. Bortkevich, lathe operator and jraovatcr, achieved a -uttiog speed of 1,400
meters per mirute ia the machining of rast 3rco: leaders iz the Riga VEF Plant,
1,70C meters per minute, and P the operstor azd innovator, 1,845
meters per minute, ffr. An artinl 2 by Eviov published 12 V Pomoshch’
Profsoyuznoma Aktivu, ZZ Novemner clzume to nave achieved & cutting
speed of_3,300 meterc per minute in zmachin 1ron itema with ceramic &
cutters.,

The resuits of research copdu:ted on the use of sutters of miceral-
ceremic materisls in machinizng <ast iroo ave given below. The work was done
with cutters fitted with biades m=3e of materiale TaM-3?2 and TsV-1l3 which are
two of the better types of cerumit cutt-ng Taterials recommerded At present
for use in plants  For muchimizg s*e material TgV-131 45 not inferior in
cutting qualities to hard alloys Ttz semiirndustrial production has been
mastered by the VWIZIASh., Materinl TsM.322 muzufactured bv the Moscow Hard
Alloys Combine, excels material TsV-l3 in -urtizg gqualities -

The cutting properties of terami- paterials weare studied 1r machining
various metals; however, the greatest offezt vas obtaiged in pachining cast
iron, which denotes the high rasi: forampis materials tc abrasive wear

at high temperatures

surs aleong the front
e of wear being
adopted a3 & criterion
venly along its eatire

Wear of the ceramic cutters 1
and back edges {perednaya 1 -ad:.n.ya
predominapt; therefore, optimum wen [}’ g

¢ dulling Wear of the zutting edgﬂ, as a vale, dicur
working length

D

Figure 1, a greph, shows
material TsM-332 iz machining gray - iron 8Ch 15-3%  The cpeed of cutting
was 300 meterc per minute; the dspth cf the <vt, 3 gillimeters; end the feed,
0.3 millimeter per revolutlon.
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A large number of the graphs on vear obtained ip experiments similar to
the one above indicate that the optimum n~mount of wear of the back edge of
ceramic cutters {corresponding o the marimum value of tool life) varies in
machining c&st iron between the limits of 0.6-0.9 millimeter.

The friction of the chip agairst the fsce of the cutter leads to the
formation of a cup on it [rﬂ’eri*ﬂ %5 2 result of the wesr of the front edge
during operation, & certain amount of rkopp g of the cutting edge can be
noticed. The effect of cutting spsed on the life of ceramic cutters {with a
depth of cut of one millimeter and a feed of 0.3 millimeter per revolution) is
illustrated in Figure 2.

U

grdecsiisasis:
3% ¥

250 p-LE 12U

760
720 }

ST Y
VI IS § v

Pigure 2

69

Ag can be seen from the graph, =2 9Q0-minute cutter life correspords to & cutting
speed of 275 meters per minute. n the sa2me greph 1s plotted the value
(Zavisimost') T=Tf(v) for the kard allov VK-8, which was designed for machining
cast iron.

A comparison of the curves showe that ir using cutters whose cutting por-

u
tion is of nard alloy VK-8, a 9C-mirzute tool life corresponds %o & cutting speed
of 95 meters per minute, whicn is e.bo*.\.t. ozne third the cutting speed of ceramic
material. At a cutting speed of 150 meters per miaute, the life of cutters

5

onsiderably longer (more than

]
whose cuttipg portion ig of ceremic meterial 1
VR B,

20 times) than that of cutters of hard alloy

jﬁ(\

The high degree of hardness
their capacity to vithstand abra
machining cast iron at high spe

agd weay resisteace of ceramit cutters and

ve aYe ﬂrnaring the DOSB‘bility of

L vould “SSU:" fﬂnqlde:‘&bly greater out-
put and a better su.rf&re quailt _’ cutters whose cutting
portion is of hard elloy or kil Y ; ‘ sed cutting spends, the
life of ceramic cutters In machivlis g a3t iror datreasss 3t 3 slower rate than
the life of hard-alley :utf.;rs. B g speed of cutters whose
cuttipg portion is of materainl 7T ! b sperd of cutters
whose cutting portior is of nwer2 Times Sor a period of 180

As already pointed out, miversl Zu rcontrasy Lo hard alloys
and high-spesd steel, have & greater L» A, that is, a very low plasticity
and a relatively lov fatigu= Limit  Trerednore, [t s importept to escertain
the maximum feed and depth of =<nut pswmisat¥is w th reramic materisls to acnieve
normal operation of the cutters without pre ao= ~hipping o the cutting edge.
Experiments conducted «ith <hs aiw 15 the 20fents of fred aud depii
of cut on the life and strength ~f csramlic ¢uter:s g3ve the rollowing results.
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Figure 3 gives a graph of 7tri's), zonscructed for values of tool life cor- ILLEGIB

responding to the optimum valuea of wear where vz 300 meters per minute, and
t = one millimeter. (The types of -ast iron azd ceramic materiel sre the same
as in the previous experiments.)

With increases of feeds up wc O A5 »illimetsr per revolutior, tool life
decreases gradually., At » 0 .65 mllime<er pey ravoliution, chipping of the cut-
ting edge is observed, sherply decrsasisg i*s ¢ . Figure L illustrates the
effect of depth of cut oax the Life of cer=mra: cut<ers when ve300 meters per
minute and 6=0.3 miliimeter per ravciuntion

Tmin
129 =

05 79 20 30 tmm

With an increase of t up to 3 millimeter e decreases regularly.
With turther increase in the depth of - 253 more rapldly, which
18 manifested by chippizg of the :ut &3 g can be zeen frem a com-
parison of Figure 3 and Figure U, ; . 2nd the feed have similar
effects on the life of ceramiz cuiters

Thus, the most advaptageous appli-aticn oF syvilstizcg seramic neterials 18
in fipnish and semifinish work.

Further studies were conduzttad 1o dxtermize the meximuxm chip cross sec-
tions admissible by the [Eecha:i:a}_,’ stre-gth of ramlec blades They showed
thet in the machining of cest iroxz SCh 1h-i6 [afver vemovel of the skin),
blades of TsV-1l3 and TseM-332 can withstsz2 2 suvtieg depth of up to 10 milli-
meters per revolution.

Based on the results of the =xpsrimeats, the following formula can be
recomuended for choosing the zuttinz zondi<i. ir machinipg zast iron with
cutters fitted with the ceramic materigl TaM =

VQo oz e
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The formula refers to the average ~utting propsrties of ceraric material
TsM-332; it is effectiva for machinisg gray <ast irox of s hardmess of
35220-2k0 with a deptk of cut up to 3 millimeters znd feed up to C.65 milli-
meter per revolution apd with po impact load or vibration,

Along with the testing of 'ubfi_s propers
technology of manufacturing ceramic zutters of var
and later perfected under pieat cornditioss.

of zeramic materials, the
ious designs was developed

The blades are soldered to the shazk with »ed znpper, brass, or copper-
zinc solder im oil or gas furnaces, =5 is doze ic the manufacture of hard-
alloy cutters. The uniquenegs lies in the slow heating cod cooling of the
blades. This rule must he striztly observed, sinse the low heat conductivity
and high brittleness of ceramics ar: uondisive to the formation of heat
cracks, With the use of bressz soldar, 11t A veccmmanded thet the ceramic blades
be heated in 8 furnare with glovly risisg temperature to 900-1,000 degrees
[centigrade/. The shapks are heated to spproximetsly this same temperature.
Arter soldering, the cutters zre plared in 2 furna-s vhich has beep heeted to
a temperature of 700-809 degrees [zent igrndg?' apd then :ecnled together with
the furnace.

The blades can alsc be fastensd to the shenit by glulng {ln ~4ses where the
cutters ere irtended for remcving ~hips of umﬂ-l crzss s2ction). Silicate ce-
ment, glues BF-2 or BF-b, carbinol glue, at: , <e2 na used

Cutters with mecasnicelly fastezed blades ~ac be of the most diverse de-
gigns, but they must all mect two besis requirements: <the position of the blade
in the recess of the shsnk must be adjusted 50 that the overhang of the blade
does not excesd 0.5-C.7 millimeter; the blads should be fasteued to the body of
the holder in such & wey that no com:entrated reartive load will aet on it.

.

Ceramic cutters ar« grcund v'v.h whA» 5 of green :arbcvmdm with & hard-
nees of M3-CM1l and a grain of 45-80 a slow wheel speed {peripheral speed of
2.5 meters per second). Thre appli-:atio: of & roolant is recommended.

Cutters with soldered btlades shculd we groupd (n two stages: first the
shank is ground on & corundum wheel, then tre back edges of the blade ure grounsd
on & carborundum wheel. To avoid creckizg snd :nippiug of the blades, grinding
should be done with & well-belapzed, trued whmel, ard excessive heating of the
blade should not be permitted

Blades that are to be mechanlcslly fastened are ground separately in
specisl holders. They are lapped {dovodk:) oz <25t iron disks with & boron car-
bide powder of 180-230 grain  The speed of disk rotation is 1.5-2 meters per
minute. After normsl wear of the back sdge 0.7 zillimeter), it is reccmmended
that ceramic cutters be lapped at once. Thy length of the cperatios, including

a

- [SRaPls
grinding and lapping, does no%t ex::ed 3 winutes.

In the last 2 years, sigoiricspt progress n2s bzex made 1a improving the
cutting qualities of ceramic materislis Trers i1s every reasos to0 expect that in
the future, the cutting quelities of ceramitc cut will be still further ip-
creased through improvements in the technology 224 tnemical compasition of
ceramic materlals. It is evident &lsg that by this wmeans, it will be possible
to Bchieve further lncressas in the /mec ne-xwa_L] smreng=in characteristics of
ceramic materials, waich, for the presemt, imit the appllcation of ceramic tools
to finish emd pemit'inish operations. Thece provlems sphould be solved through

the future Jjoint erforts of specialists iz cuttiag asd in the technology of
ceramic materiale.
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